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Abstract 
Fermentation by several types of microorganisms was considered as one of several factors causing quality degradation of the 
palm sap used for production of palm sugar. During harvesting period, pH value of the palm sap gradually decreasing from 6.5 to 
approximately 4.5. In order to avoid the rapid fermentation, traditionally, the local community uses a material made by mixing 
small pieces of heartwood of jack tree (Artocarpus heterophyllus) with slaked lime (calcium hydroxide) solution. However, the 
safety of this material if consumed by the human is still unclear. Consumption of food containing high concentration of slaked 
lime may cause several organ dysfunctions such as liver, kidney, also heart and cardiovascular diseases. Therefore, this study was 
aimed to investigate an alternative material substituting the traditional one by examining the antimicrobial and acidity-stabilizing 
effects of Yellow Root (Arcangelisia flava Merr) extract. Antimicrobial activity of the water extract was evaluated through a 
disc-diffusion method using three microorganisms, Salmonella typhii, Staphylococcus aureus, and Trichophyton rubrum. In 
addition, toxicity test was also performed using BSLT (brine shrimp lethality test). Water extract of A. flava exhibited a positive 
respond against Salmonella typhii, Staphylococcus aureus, and Trichophyton rubrum with inhibition zones of 19.35, 16.98, and 
19.78 mm, respectively at application level of 2% (v/v). Furthermore, this extract also showed an ability to stabilize the acidity of 
fresh palm sap (pH 5.8 - 6.5) due to fermentation mechanism during harvesting and storing. The ability of the extract to stabilize 
the acid level may be caused by the presence of its active compounds such as alkaloid, tannin, and saponin. The glucosides of 
those compounds may inhibit the hydrolysis of disaccharide such as sucrose becomes its monosaccharides. Those compounds 
may also deactivate enzyme invertase secreted by the microbes which can increase the acid level. From the toxicity test, water 
extract of A. flava was considered as a natural product with no toxicity. Therefore, water extract of A. flava can be utilized as a 
safe natural food additive, especially in the production of palm sugar. 
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1. Introduction  
Arcangelisia flava Merr. (Menispermaceae), a liana plant widely distributed in Kalimantan has been traditionally 
used by local community for the treatment of several diseases, such as malaria, dysentery, and fever, as well as a 
tonic agent [1]. Scientifically, this plant has been investigated to possess several alkaloids such as berberine, 
palmatine, jatrorrhizine, and columbamine [2]. The main compound, berberine, has been claimed to be 
therapeutically useful for the treatment of malaria and as an antimicrobial agent [1]. Several studies have reported 
the antimicrobial activity of A. flava. Maryani et al. [3] reported that A. flava root is effective in medication on 
bacterial infection of Aeromonas hydrophila. Crude extract of this plant was also active against Staphylococcus 
aureus and Bacillus cereus [4]. 
Arenga pinnata is the most important sugar palm of the humid tropics. Besides yielding sugar, it also provides a 
great number of products and benefits to its users, and is one of the most diverse multipurpose tree species in culture 
[5]. This plant is also an economically important plant in South Kalimantan. A few months before the flowering, 
stalks could be tapped for its sweet sap. The tapper would have to rock the flowering stalks once a day until the 
flowers bloom and attract fruit flies. It is only then that the flowering stalks would be ready for sap tapping and 
collection [6].  
Palm saps harvested by the local community are processed to produce palm sugar (gula aren). This sugar is made 
by boiling the sweet unfermented sap to achieve a high viscous form. Quality degradation of palm sap during 
harvesting and storing is indicated by the lowering of the pH value caused by the microorganisms through a 
fermentation process.  Microorganisms contamination is responsible for the low pH and high total acidity [7]. 
Several types of microbes, such as Saccharomyces sp and Acetobacter sp were considered as the main factor of 
increasing of acids in the palm sap which could lower the pH to 4.3-4.6 during handling process along eight hours. 
In order to avoid rapid fermentation, local peoples use a traditional material (laru) processed with conventional 
method by mixing small pieces of the heartwood of jack tree (Artocarpus heterophyllus) with slaked lime (calcium 
hydroxide) solution. However, the safety of this traditional agent if consumed by the human is still unclear. Diet of 
food containing high concentration of slaked lime may cause several organ dysfunctions such as liver, kidney, also 
heart and cardiovascular diseases. Therefore, this study was aimed to investigate an alternative material substituting 
the traditional one by examining the antimicrobial and acidity-stabilizing effects of Yellow Root (Arcangelisia flava 
Merr) extract. 
2. Experimental 
This study was performed mainly at the Laboratory of Chemical Analysis, Faculty of Agriculture, Lambung 
Mangkurat University. Samples of palm sap of A. pinnata were collected from three areas in the district of Hulu 
Sungai Tengah, South Kalimantan Province. Stems of A. flava (Yellow Root) used as antimicrobial and acidity-
stabilizing agents were purchased from a traditional herbal collector in Tanjung City, South Kalimantan Province. 
The voucher specimen was deposited at our laboratory.  
Prior to the extraction process, the stems of A. flava were airy dried in a drying room with no direct sunlight, and 
then crushed (80 mesh). 500 g of the dried and crushed materials were extracted using H2O (2000 mL) on a heating 
plate at 100°C for 3 hours. This mixture was filtered to give an extract solution. In order to evaluate the activity and 
effectiveness of the extract as antimicrobial and acidity-stabilizing agents, each of 10, 20, 30, 40, and 50 mL of 
extract of A. flava was put in five bottles and mixed with 1000 mL of fresh palm sap to achieve five concentrations 
(1%, 2%, 3%, 4%, and 5%). These samples were kept at room temperature for 8 hours and analyzed immediately for 
chemical properties including pH value, total soluble solid, and moisture content. 
Sugar examined in this study was produced by heating the palm sap on a heating stove. 1000 mL of fresh palm 
sap were mixed with 20 mL of 2% (v/v) water extract of A. flava and boiled in an aluminum pan at 100°C for 9 hours 
until a high viscous form was appeared. This viscous palm sugar was poured in a casting mold and cooled to produce 
a solid sugar. A number of samples were analyzed immediately for their physical properties. 
348   Hesty Heryani and Agung Nugroho /  Procedia Environmental Sciences  23 ( 2015 )  346 – 350 
The pH value of the palm sap was measured at ambient temperature using a pH meter which has been calibrated 
at pH 4.0 and 7.0. The total soluble solid (TSS) content of palm sap was determined as degree Brix using a hand 
refractometer. The moisture content of the sap was measured using a vacuum oven. About 2-5 g of the sample was 
placed in a pre-dried aluminum dish and dried in a vacuum oven at 60°C (pressure ˂ 70 mmHg) for 6 hours. The 
dried sample was placed in a desiccator and cooled for 0.5 hours to room temperature. The weight was recorded and 
the percentage moisture based on the initial wet weight was calculated. 
Water extract of A. flava was tested for its antimicrobial activity by disc diffusion method using Salmonella 
typhii, Staphylococcus aureus, and Trichophyton rubrum as test organisms. Muller Hinton agar and Martin Rose 
Bengal agar were prepared, sterilized, and poured into petri plates up to a depth of 3 mm. The organisms were 
suspended in saline and 0.1 mL of organisms was spread on those plates on which wells were made using an 8 mm 
cork borer. To each well, 100 μL of the extract was added and plates were incubated at 37°C for 24 hours. The 
results were recorded by measuring the diameter of zone of inhibition surrounding the well.    
For the toxicity test of the extract of A. flava, ten A. salina larvas were transferred into each sample vial using 230 
mm disposable glass Pasteur pipettes and filtered brine solution was added to make 5 mL. The larvas were counted 
macroscopically in the stem of the pipette against a lighted background. A drop of dry yeast suspension (3 mg in 5 
mL artificial sea water) was added as food to each vial. All the vials were maintained under illumination. The 
surviving larva were counted with the aid of a 3x magnifying glass, after 24 hours, and the percentage of deaths at 
the three dose levels and control were determined. In cases where control deaths occurred, the data was corrected 
using Abbott’s formula [8] as follows: % deaths = [(test-control)/control x 100]. The surviving larvas were killed by 
addition of 100 μL of 5% (v/v) of phenol to the each vial.  
All analyses and measurements were performed in triplicate. The experimental design was completely 
randomized design (CRD). Data was subjected to analysis of variance (ANOVA). 
3. Result and Discussion 
3.1. Antimicrobial activity  
The aim of utilization of water extract of A. flava as a food additive in the production process of palm sugar is to 
inhibit the growth of microorganisms which may lower the pH value of the palm sap. To evaluate the antimicrobial 
activity of this extract zone of inhibition (mm) was used as a parameter of the antimicrobial activity. The results of 
antimicrobial activities are given in Table 1. It is very clear that water extract of A. flava have shown antimicrobial 
activity against all tested organisms. Zone of inhibitions exhibited by the extracts with more than 2% of 
concentration were not significantly different each other, extending from 15.08 to 19.78 mm. 
Therefore, application of the extract with the lowest concentration (2%) is recommended for the effectiveness. 
Using bioassay-guided chemical investigation, Keawpradub et al. [9] found that berberine is the main active 
compound of A. flava. Yu et al. [10], reported that berberine showed antimicrobial activity against all tested strains 
of MRSA (methicillin-resistant Staphylococcus aureus). Berberine has been also reported to possess several 
biological activities such as antifungal [11], antimalarial [12], anticancer [13], and also anti-inflammatory [14]. 
Table 1. Antimicrobial activity of water extract of Arcangelisia flava against microorganisms 
Concentration  
of extract (%) 
Zone of inhibition (mm) 
Salmonella  
typhii 
Staphylococcus  
aureus 
Trichophyton 
 rubrum 
0 - - - 
1 8.08 6.32 7.88 
2 19.35 16.98 19.78 
3 18.98 16.72 19.54 
4 19.08 15.36 17.70 
5 17.02 15.08 17.06 
Values are average of three measurements. 
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3.2. Acidity-stabilizing effect 
Quality degradation of palm sap during harvesting and storing is indicated by the lowering of the pH value 
caused by the microorganisms through a fermentation process. In this research, the final quality of the palm sap 
treated by addition of water extract of A. flava was indicated by pH value, total soluble solid (°Brix), and also 
moisture content (%). As shown in Table 2, addition of 2% (v/v) of water extract of A. flava exhibited a significant 
improvement than the negative control (0%) or the lowest concentration (1%). This extract was able to stabilize the 
acidity of the collected palm sap (pH 5.8 - 6.5) due to storing during the collecting process. The total of soluble solid 
(°Brix) was also increasing from 5-8 to 11-16. The presence of alkaloid, especially berberine and also tannin, 
saponin, and their glucosides may be inhibiting the hydrolysis of disaccharide such as sucrose becomes its 
monosaccharides. 
     Table 2. Chemical properties of palm sap after treatment using water extract of A. flava 
Treatment 
(% 
extract) 
Chemical properties 
Moisture 
content 
(%) 
pH ranges Total soluble solid (°Brix) 
0 10,08 4,3-4,6 5-8 
1 9,15 4,5-4,8 8-9 
2 9,22 5,8-6,5 11-16 
3 9,25 5,9-6,5 11-16 
4 9,40 5,9-6,5 11-15 
5 9,33 5,9-6,5 10-15 
Values are average of three measurements. 
3.3. Toxicity test 
Toxicity test using brine shrimp lethality test to the selected concentration (2%) of water extract of A. flava 
demonstrated a weak toxicity. In this study, the lethal concentration fifty (LC50), 95% confidence interval and slope 
were determined from 24 hours counts using the probit analysis method. LC50 is an indicator of toxicity level of 
given extract to the brine shrimp larva. The tested extract had LC50 value over 1000 μg/mL, and was considered to 
have weak cytotoxic activity. Therefore, 2% of water extract of A. flava is safe to be used as antimicrobial and 
acidity-stabilizing agents in the production of palm sugar. 
4. Conclusion 
Application of 2% (v/v) of water extract of A. flava exhibited a positive respond against Salmonella typhii, 
Staphylococcus aureus, and Trichophyton rubrum. This extract also showed an ability to stabilize the acidity of 
fresh palm sap during the production process. From the toxicity test using BSLT method, water extract of A. flava 
was considered as a natural product with no toxicity. Therefore, water extract of A. flava can be utilized as a natural 
food additive, especially in the production of palm sugar. 
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